A novel nanofibrous film chemosensor was fabricated by copolymerization and electrospinning, which exhibited signaling behaviors for Zn 2+ . Upon addition of Zn 2+ , the sensor film exhibited obvious fluorescence enhancement in a linear fashion. Owing to a larger surface area and high permeability, the selectivity and sensitivity of the nanofibrous film for Zn 2+ were satisfactory and achieving a limit of detection of 1.95 × 10 -5 mol L -1
Introduction
It is well known that Zn 2+ is actively involved in numerous physiological processes, such as brain function and pathology, gene transcription, immune function and mammalian reproduction.
1,2 Zn 2+ is the second most abundant transition metal ion in human body after iron, so development of metal ion chemosensors for Zn 2+ has received considerable attention. 3 Fluorescence detection techniques have become powerful tools for sensing and imaging of trace amounts of metal ions because of their simplicity, sensitivity and real-time monitoring with fast response time. 4 Nevertheless, single fluorescent sensor molecule is not acceptable in practical application, especially in separation, removal and enrichment of target species. 5, 6 To introduce the solid substrate in preparing fluorescent sensor could overcome the above problem effectively. 7 In order to achieve the objective, we intend to utilize electrospinning technology to fabricate nanofibrous film, which guaranteed the probes to be loaded in the solid substrate, furthermore, its porous network structure can greatly improve the diffusion velocity of interiors inside nanofibrous film. 8 Electrospinning has been developed since 1934, it is an effective way for fabricating various porous composite nanofibers with high specific surface area and mechanical strength. With the development of nanotechnology, it is increasingly concerned in many scientific fields such as chemical engineering, materials science and pharmacology. [9] [10] [11] Several electrospun fibrous membrane chemosensors for specific analytes (such as metal ions, anions, poisonous gas, etc.) were designed and synthesized in recent years, which were featured with large specific surface area, high porosity and good interconnectivity. [12] [13] [14] [15] [16] [17] [18] [19] However, according to the previous literatures, nanofibrous film for sensing Zn 2+ was rarely reported. So synthesize a functionalized electrospun nanofibrous film with high sensitivity and selectivity toward Zn 2+ is very valuable. Herein we reported a novel fluorescent nanofibrous film via copolymerization and electrospinning (Scheme 1). Upon addition of Zn 2+ , a striking fluorescence enhancement was detected. The nanofibrous film also presented very excellent affinity for Zn 2+ among other metal ions, meanwhile the good adsorption of Zn 2+ will expand its application prospects.
Experimental
Synthesis of 2-hydroxy-4-acryloyloxy-benzaldehyde (HAB) 20 2,4-Dihydroxybenzaldehyde (1.40 g, 10 mmol), hydroquinone (0.50 g, 4.5 mmol) and triethylamine (1.65 mL, 12 mmol) were dissolved in 200 mL 2-butanone. Then acryloyl chloride (12 mmol) in 30 mL 2-butanone was added dropwise into the mixture with constant stirring at −5 °C, then increased the reaction temperature gradually to 
Synthesis of poly (MMA-co-HAB)
HAB (1.90 g, 10 mmol), methyl methacrylate (MMA) (2.00 g, 20 mmol) and AIBN (0.02 g, 10 mmol) were dissolved in 10 mL DMF and introduced into a dry polymerization tube. The solution was deoxygenated by purging with N 2 gas for 5 min. The tube was sealed and placed in a regulated thermostat bath at 70 °C for 24 h. The obtained poly (MMA-co-HAB) was transparent and colorless, then dissolved in CHCl 3 (20 mL) and precipitated with CH 3 OH (200 mL). After successive dissolving and precipitation for 5 times, poly (MMA-co-HAB) was filtrated and dried under vacuum at 50 °C. Yield of pure product: 2.31 g (59.23%).
Synthesis of poly (MMA-co-Sal)
Poly (MMA-co-HAB) (0.35 g) reacted with salicylaldehyde-hydrazine (1.00 g, 7.3 mmol) in DMF (10 mL) at room temperature for 12 hours. The obtained poly (MMA-co-Sal) was pale yellow. It was dissolved in CHCl 3 (20 mL) and precipitated with CH 3 OH (200 mL). After successive dissolving and precipitation for 4 times, the poly (MMA-co-Sal) was filtrated and dried under vacuum at 70 °C. Yield of pure product: 0.73 g (54.07%). 1 
Preparation of electrospinning precursory solution and film
Poly (MMA-co-Sal) (1.00 g) was dissolved in DMF (5.50 g) to prepare the precursor solution with a concentration of 15.4 wt.%, the solution was kept stirring for 24 h at room temperature. The generated homogenous solution was prepared for electrospinning. A syringe with an inserted wire to connect the high-voltage supply was filled with the precursor solution. The distance between syringe and receiver was 15 cm. The high-voltage supply was fixed at 16 kV. The spinning rate was controlled at about 0.5 mL h -1 by the microinfusion pump. The electrospinning was performed at 25 °C.
Results and Discussion

FTIR investigations of poly (MMA-co-Sal) film
To confirm that fluorophore moiety was successfully grafted onto poly (MMA-co-HAB), Fourier transformed infrared spectroscopy (FTIR) was used. Figure 1 exhibited the FTIR spectra of (A) monomer HAB, (B) salicylaldehyde-hydrazine, (C) poly (MMA-co-HAB) and (D) poly (MMA-co-Sal) film. The characteristic bands of (A) and (C) at 1740 cm -1 (aldehyde C=O) confirmed that aldehyde groups of HAB were successfully introduced into poly (MMA-co-HAB). But this band did not present in the spectra of (D), indicating that aldehyde and salicylaldehydehydrazine generated Schiff base salicylaldehyde-hydrazine structure in the poly (MMA-co-Sal) film. Simultaneously, (B) and (D) exhibited a strong band at 1630 cm -1 , which was ascribed to C=N in the salicylaldehyde-hydrazine molecule. It was worth noting that the band of (D) at 1720 cm -1 might be ascribed to N−N in the hydrazine molecule. Therefore, we confirmed that salicylaldehyde-hydrazine group was successfully introduced into the nanofibrous film.
Morphologies of poly (MMA-co-Sal) nanofibers Figure 2 shows the typical scanning electron microscope (SEM) images of the poly (MMA-co-Sal) nanofibrous film under different scales. It can be found that the poly (MMA-co-Sal) film was composed of numerous, randomly oriented nanofibers. The surface of the poly (MMA-co-Sal) (15 wt.%) nanofibrous film did not show any serious cracks or degradation under the optimized conditions. The average diameter (D) of nanofibers can be estimated in the following equation: (1) where n stands for the number of the nanofibers in SEM images, X stands for the diameter of each nanofiber, B is the scale bar, and L refers to the length of the scale bar. Therefore, the average diameter of poly (MMAco-Sal) nanofibers is 1.26 μm as analyzed from SEM images (Figure 2b ). This network structure of electrospun film provides a surface area-to-volume ratio roughly 1 to 2 orders of magnitude higher than that of known continuous thin films. 21 This unique porous structure could greatly accelerate the targets to diffuse close to the sensing elements and increase the complexation efficiency. 22 Response of poly (MMA-co-Sal) nanofibrous film to Zn 2+ ions
With the synthesis complete, the optical property of the poly (MMA-co-Sal) nanofibrous film in the presence of Zn 2+ was investigated. Evidence for ion interaction with the nanofibrous film was first sought using fluorescence spectroscopy, the fluorescence titration experiments were conducted under the condition of acetonitrile-Tris buffer solution at pH 7.1. The poly (MMA-co-Sal) nanofibrous , this "switch-on" process could be observed under the irradiation of ultraviolet lamp (Figure 3) . The increasing fluorescence intensity of the nanofibrous film depending on the concentration of Zn 2+ was in a linear manner as illustrated in Figure 4 (R = 0.99255), which indicated that poly (MMA-co-Sal) nanofibrous film had potential application for quantitative determination of Zn 2+ , and the limit of detection (LOD) could reach to 1.95 × 10 -5 mol L -1 by calculation from this linear relationship (based on LOD = KSb 1 /S, where K = 3; Sb 1 is the standard deviation of the blank solution; S is the slope of the calibration curve).
Selective and competitive experiments
To gain insight into the selectivity of the fluorometric behavior of poly (MMA-co-Sal) nanofibrous film for Zn 2+ , various common metal ions in environmental and biological interest were introduced to investigate their impact on the fluorescence response of poly (MMA-co-Sal). In selectivity experiments the fluorometric behavior of poly (MMA-co-Sal) was investigated upon addition of several metal ions such as K . The fluorescence intensity of the mixed system at 504 nm is shown in Figure 5 (red bar), all of the fluorescence intensity exhibited still enhancement, so the experimental results indicated that these ions showed no obvious interference for detecting Zn 2+ in the fluorescence change at 504 nm. Thus the fluorometric analysis above had proven that poly (MMAco-Sal) nanofibrous film could serve as an outstanding sensitive and selective fluorescent sensor for Zn 2+ in our prospective. The adsorption and separation of Zn 2+ was rarely reported in previous studies about Zn 2+ sensors. So in this work, we comparative-deeply discussed the adsorptive and separable properties of poly (MMA-co-Sal) nanofibrous film in removing Zn 2+ ions from solution. The nanofibrous film was cut to the size of 1.0 × 2.5 cm (about 8.97 mg in weight), and it was taken into the aqueous solution in various concentrations of Zn 2+ for 24 hours. 23 The relationship between equilibrium adsorption amounts and equilibrium concentrations was demonstrated in Figure 6a . It was clearly depicted that the adsorption increased significantly with the increase in Zn 2+ concentration until the saturation concentration (100 mg L -1 ). As was illustrated in Scheme 2, the initial increase in Zn 2+ adsorption was due to the unsaturated chelating sites being gradually occupied with the increasing Zn 2+ concentration, when the chelating sites became saturated, the equilibrium adsorption amounts leveled off as well. 24 The concentration of Zn 2+ left in aqueous solution was inspected by inductively coupled plasma mass spectrometry (ICP-MS). The Langmuir adsorption equation was given to analyze experimental adsorption equilibrium data of Zn 2+ :
25 (2) where q e is the equilibrium quantity of the metals ions adsorbed onto poly (MMA-co-Sal) nanofibrous film (mg g -1 ), C e is the equilibrium concentration (mg L -1 ), q m (mg g -1 ) and K L (L mg −1 ) are the Langmuir constants related to the saturation adsorption capacity and binding energy, respectively. 26 As was shown in Figure 6b , the Langmuir C e q e -1 versus C e plot was in a good linear relationship (R 2 > 0.98). Based on the assumption of the Langmuir theory that adsorption occurs at particular homogeneous sites within the adsorbent, this implies that one chelating sites is occupied by one metal ion exclusively, then no further adsorption occurs at that location. Thus, the adsorption that happened on the poly (MMA-co-Sal) nanofibrous film was monolayer. 27, 28 The linear fit of the C e q e -1 versus C e plot was illustrated in Figure 6b , relevant data indicated that Zn 2+ ion adsorption accorded with the Langmuir isotherm, and the values of K L and q m in Table 1 were calculated from the equation in Figure 6b . The adsorption capacity was 11.45 mg of Zn 2+ ions per gram of poly (MMA-co-Sal) nanofibrous film (Table 1) . 
